










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































it is expected that several mesonic factories with very high luminosity
will begin to operate in a near future. The study of atomic decays, even
with pionium in a nal state, can become real at these factories. Below we
will consider some atomic decays of the elementary particles which can be
interesting in this respect.
Further information about dimesoatoms, not presented in this article, can
be found in [15, 16, 17].
2 Pionium in the ; 0 and K-meson decays
In the nonrelativistic approximation pionium state vector coincides (up to






































































which we will use throughout this paper for any one-particle (composed or
elementary) state vector.



































x = 0) is a Schrodinger wave function for a hydrogenlike atom

























). If this amplitude is known, (3) allows
















) depends only on two independent energies, and it is conve-

































, it is expected [18] that higher order terms in a









Note that terms linear in x are forbidden by CP-invariance. After integrating


























































































































































~x and ~y are Dalitz variables, which correspond to the atomic decay:




























































































































































































decay had been measured





 1  (1:08  0:014)y + (0:03  0:03)y
2
+ (0:05  0:03)x
2
(10)
Inserting this into (5) and (7), we get (it is assumed that A
2
is produced in a





















 0:91  10
 7
(11)
Let us note, that a value 3:9  10
 7
, cited in [16], corresponds to a theoretical
prediction from eective chiral lagrangian [20] I(x; y)  1  0:55y and seems
to be too optimistic, though the accuracy of quadratic terms determination
in (10) allows, in principle, to increase (11) several times.



















































 j1   (0:08  0:03)y)j
2
:


























































decay, it is necessary to take into account the identity
of 
+



















decay was considered earlier in [8] with slightly
dierent result.




























)  1:1  10
 7
(13)
For -factory (13) means about 10
4
K-meson atomic decays with pionium
per year. So, we think, the study of such atomic decays at -factory is not
only realistic, but a desirable task.
3 Pionium in the  and -meson decays
For c    and B-factories  (2S) !  (1S)A
2
and (2S) ! (1S)A
2
de-
cays can be interesting since the corresponding nonatomic decays have large
branching ratios.


























































There are some theoretical indications [26] and experiment conrms [27]
that C = 0. Then to calculate the (5) ratio, we only need B/A ratio and it can












decay. The results are [27]:
B
A
=  0:21  0:01 (15)





=  0:154  0:019 (16)















































Using this instead of I(x; y) in (5) and (7), we get from (15) and (16)
,( (2S)!  (1S)A
2
)















 5:2  10
 8
; (18)
which correspond to the following branching ratios
Br( (2S)!  (1S)A
2







Unfortunately this is too small for B-factory. We can expect only several
events per year. So it seems unrealistic to study -meson atomic decays at
B-factory.
4 O() order corrections to the pionium lifetime






and its amplitude according
























  p)(p) ; (20)
where (p) is A
2




















































i = J  (x = 0) ; (22)
6
where






is a conguration space Bethe-Salpeter wave function at the origin.
The Bethe-Salpeter equation for (p) in a A
2
rest frame, up to O()


















































(24) corresponds to the Wick-Cutkosky model [30]. Let us note that this





decay width in [14].
According to [30] (see also [31] for a review), a ground state (1S in the


















































(z   y) +
1 + z
1 + y
(y   z)]g(y) dy (26)
If M
A
















































But the solution (28), found in [30], is not a complete O() order solution.





















(y) + (y) ; (29)
where (y) has O() order smallness compared to the rst  (y) term, we


























(z   y) +
1 + z
1 + y
(y   z) :









f(1  jzj) ln() + (1 + jzj)[ln(2jzj)  ln(1 + jzj)]g :
Therefore, the complete O() order solution of (26) looks like
g(z) = Nf(1  jzj) +


(1 + jzj)[ln(2jzj)  ln(1 + jzj)]g (31)
































































































) +O( ln()) (33)
8
A normalization constant N is dened from the normalization condition
[32], which in the O() order takes the form (A
2









































































































Remembering that in fact m
2
in the above expression should be replaced by
m
2



































































































































































































































part of the Bethe-Salpeter wave function contributes neither in its



























































decay amplitude follows from










































)(x = 0) :
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